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(g) Pin fin heat sink including flow enhancement 

@ Heat dissipation performance of a pin fin heat 
sink (300) is improved by utilizing a flow guide 
anrangement Flow guide members (301,302) 
are positioned relative to the outer rows of the 
pin fins and longitudinal to fluid flow through 
the pin fin field of the heat s\r\k. A gap between 
a lower edge of each flow guide member 
(301,302) and a base surface (101) of the heat 
sink fonns apertures allowing potentially stag- 
nant fluid in an interior region of the pin fin field 
of the heat sink (300) to communicate witii fluid 
flowing around the exterior of tiie heat sink. 
This causes a so-called "pump" action in which 
tiie potentially stagnant fluid is drawn along 
with ttie fluid flowing around the exterior of the 
heat sink (300). 
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Technical Field 

Tliis invention reiates to apparatus for dissipating 
tieat from a surface and, more particularly, to pin fin 
heat sinics. 

Baclcground of the Invention 

Heat sinks are so-called extended surfaces that 
have been used to enhance cooling of heat dissipat- 
ing surfaces. Such heat sinics have been fabricated in 
a number of designs. The designs are such as to de- 
crease fluid flow impedance through the heat sini( 
and, thereby, improve heat dissipation performance. 
The pin fin heat sink Is of particular interest because 
it is one of the commonly used heat sinl^s. 

FiGs. 1 and 2 show prior art pin fin heat sinics. 
FIG. 1 is a top view of pin fin heat sinl< 100 showing 
fluid flow (gas or liquid) relative to the heat sinlc. i-ieat 
smk 100 Includes a base surface 101 having a plur- 
ality of pin fins 102 perpendicular to and protruding 
therefrom. In this example, pin fins 102 are in stag- 
gered rows. Pin fins 102 could equally be in aligned 
rows on base surface 101. It is noted and has been 
observed by me that after approximately the first two 
(2) rows of the pin fins, the fluid flow loses a signifi- 
cant amount of its inertia! force and tends to slow, po- 
tentially becoming quasi-stagnant (herein after refer- 
red to as stagnant). Thus, as seen in FIG. 1, the nor- 
mal fluid flow at velocity VI is supplied in the left-to- 
right direction. The fluid flow begins to slow down af- 
ter a few rows of pin fins and has a velocity of V3. In 
this example, the fluid flow around the heat sink In- 
creases to velocity V2 and part of it is entrained into 
the right side of the heat sink against the normal di- 
rection of flow. It has also been observed that velocity 
V2 is approximately twice VI (V2 2V1) and that ve- 
locity V2 is very much greater than V3 (V2 » V3). 
FIG. 2 shows a side view of the pin fin heat sink 100. 
FIG. 2 illustrates that because of the fluid back flow 
being entrained into the right side of the heat sink that 
the fluid entering from the left is forced to flow out of 
the top of the pin fins 102. The stagnation of the fluid 
flows also contributes to the fluid exiting from the top 
rather than flowing completely through the pin fins of 
the heat sink. Consequently, the fluid flow process 
described contributes to inefficiencies in dissipating 
heat from the surfece to which the heat sink is attach- 
ed. 

Summary of the Invention 

The problems relating to fluid flow over and 
through prior pin fin heat sink arrangements are mini- 
mized, in accordance with the invention, by employ- 
ing a flow guide arrangement which is in prescribed 
spatial relationship to the pin fins of the heat sink and 
direction of fluid flow over and through the pin fins. 



The flow guide arrangement is such as to cause a 
"pump" action, by creating a pressure difference, of 
the fluid flow through and over the heat sink. The de- 
sired pump action is realized, in accordance with the 

5 invention, by providing a gap between the upper base 
surface of the heat sink and the lower edge of the 
flow guide arrangement. This gap allows potentially 
stagnant fluid in an interior region of the heat sink to 
communicate with a higher velocity fluid flowing 

10 around the exterior of the heat sink. The higher veloc- 
ity f iukJ flow tends to draw the potentially stagnant flu- 
id along with it. thereby improving overall fluid flow 
through and over the pin fins of the heat sink. 

In a specific embodiment, rectangular flow guide 

IS members are utilized which have prescribed dimen- 
sions dependent on the height of the pin fins and 
length of the heat sink. These flow guide members 
are mounted parallel to each other in prescribed spa- 
tial relationship to the outer rows of the pin fins. In a 

20 specific embodiment, the flow guide members are 
mounted on the outermost rows of the pin fins. Fluid 
flow is longitudinal to the length of the flow guide 
members. The rectangular flow guide members have 
a prescribed length so as to extend beyond each end 

25 of the heat sink and a prescribed width to provide a 
gap between the upper surface of the heat sink base 
and the bottom edge of the flow guide member. This 
gap forms apertures allowing communication be- 
tween what would otherwise be stagnant fluid in the 

30 interior heat sink region and the higher velocity fluid 
flow around the exterior of the heat sink which results 
in the desired pump action. The gap height is selected 
to optimize the resulting pump action of the fluid flow- 
ing through and over the heat sink. 

35 A technical advantage of the invention is inv 
proved fluid flow through the pin fin field of the heat 
sink which, in turn, provides Improved thermal perfor- 
mance. 

40 Brief Description of the Drawing 

In the drawing: 

FIG. 1 shows a top view illustrating fluid flow over 

45 a prior art pin fin heat sink; 

FIG. 2 shows a side view illustrating fluid flow 
through the prior art pin fin heat sink; 
FIG. 3 shows a top view illustrating fluid flow over 
a pin fin heat sink Including the inventbn; 

50 FIG. 4 shows a side view illustrating fluid flow 
through the pin fin heat sink Including the inven- 
tion; and 

FIG. 5 shows a perspective illustrating fluid flow 
through and over the pin fin heat sink including 
55 the Invention. 
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Detailed Description 

FIGs. 1 and 2, as discussed above, illustrate the 
effect of stagnated and entrained fluid flow relative to 
tlie prior known pin fin heat sink 100. 5 

FIG. 3 depicts a top view of pin fin heat sink 300 
embodying the principles of the invention. Specifical- 
ly, shown are base surface, i.e., plate, 101 having a 
plurality of pin fins. 102 perpendicular to and protrud- 
ing therefrom and flow guides 301 and 302 ail fornv io 
ing, in combination, an embodiment of the invention. 
Although heat sink 300 Is shown as including base 
surface 101 which is intended to be mounted on a 
heat dissipating surface, e.g., an electronic compo- 
nent or the like, the heat sink 300 can be made an in- is 
tegral part of the heat dissipating surface with pin fins 
102 protruding therefrom. Moreover, pin fins 102 can 
take on any number of other geometric shapes. For 
example, pin fins 102 could be square, rectangular, 
diamond or rectangular in cross-section. They can 20 
also be helical, spherical and made of wire mesh or 
solid or hollow cylinders or the like. As shown in FIG. 
3, flow guides 301 and 302 are mounted on pin fins 
102 of the outermost rows and are aligned longitudi- 
nal to the fluid flow VI. it will be apparent that flow 25 
guides 301 and 302 do not have to be directly attach- 
ed to pin fins 1 02 of heat sink 300. Indeed, flow guides 

301 and 302 could be mounted on a separate surface, 
e.g., a circuit board or the like, adjacent to the outer 
rows of pin fins 102. Additionally, flow guides 301 and so 

302 could also be mounted on interior rows of pin fins 
102. However, I have found that the best flow pump 
action is obtained by locating flow guides 301 and 302 
on or adjacent to the outer most rows of pin fins 102. 

In applications in which heat sink 300 has a large 35 
width between flow guides 301 and 302, it may be ad- 
vantageous to locate one or more additional flow 
guides interior to flow guides 301 and 302. 

Referring briefly to FIG. 4, it Is seen that flow 
guides 301 and 302 are sized and positioned to pro- 40 
vide gap 303 between their lower edges and the top 
of base surface 101. The size of gap 303 is such that 
the flow pump action resulting from apertures 304 
formed thereby is maximized. I have determined that 
generally maximum flow pump action will be realized 45 
if the height of gap 303 is approximately one third 
(1/3) the height of pin fins 102. It should be noted that 
as the velocity of the fluid flow is increased, the 
height of gap 303 can be decreased. For most appli- 
cations, I have determined that a minimum height of so 
gap 303 is approximately 0.1 inch. Additionally, it will 
be apparent that gap 303 may be realized by employ- 
ing other physical arrangements. For example, solid 
flow guide plates having a perforated lower portion or 
having appropriated sized slots or holes may be used 55 
to obtain apertures 304. The length of flow guides 301 
and 302 is selected to extend beyond base surface 
101 in the primary direction of the fluid flow. This ex- 
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tension of flow guides 301 and 302 tends to move a 
"wake" region of heat sink 300 and the surface is 
mounted on further downstream, i.e., away from heat 
sink 300. This further improves heat dissipation per- 
formance of heat sink 300 because less fluid is en- 
trained and, in turn, less stagnation in the fluid flow 
results. I have determined that satisfactory results 
are obtained by extending the flow guide by approx- 
imately one-eight (1/8) of its length beyond base sur- 
face 101. It will be apparent that there are practical 
limitations on how far the length of flow guides 301 
and 302 can be extended beyond base surface 101 
of heat sink 300. 

Returning to FIG. 3, it is readily seen that the 
stagnant fluid flow of the prior art pin fin heat sink is 
substantially eliminated. This is realized in accor- 
dance with the invention, by apertures 304 formed by 
gap 303 (FIG. 4) providing an Interface for the poten- 
tially stagnant fluid in the interior region of heat sink 
300 to communicate with the faster fluid flow V2 
around heat sink 300. Ck)nsequently, the stagnant 
fluid flow engulfing pin fins 1 02 in the prior pin fin heat 
sink 100 (FIG. 1) is substantially eliminated. In the 
embodiment shown in FIGs. 3 and 4 the fluid flow ve- 
locity V2 around heat sink 300 is stilt approximately 
twice the primary fluid flow velocity V1 (V2 = 2V1). 
IHowever, the interior fluid flow velocity V3 has been 
increased significantly by employing the inventton, 
but is still slower than V2 (V2 > V3). 

FIG. 5 shows a perspective of heat sink 300 in- 
cluding the invention. The elements of heat sink 300 
shown in FIG. 5 have been labeled in identical fashion 
as those shown in FIGs. 3 and 4. These elements op- 
erate in the same fashion as those described above 
in relation to FIGs. 3 and 4 and are not again descri- 
bed in detail. 

The above-described arrangements are, of 
course, merely illustrative of the application of the 
principles of the invention. Other arrangements may 
be devised by those skilled in the art without depart- 
ing from the spirit or scope of the Invention. 



Claims 

1 . Apparatus for dissipating heat comprising: 
a surface; 

a plurality of pin fins protruding from said 
surface; and 

flow guide means positioned in prescribed 
spatial relationship with said surface and said 
plurality of pin fins and being arranged for provid- 
ing apertures along sakJ flow guide means in pre- 
determined spatial relationship to said surface so 
thatfluid in an interior region formed by said plur- 
ality of pin fins is caused to communicate with flu- 
id flowing exterior to the region formed by said 
plurality of pin fins along said flow guide means. 
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2. Apparatus as defined in claim 1 wherein said flow 
guide means includes at least first and second 
members each having upper and lower edges, 
said first and second members being positioned 
parallel to each other and In said prescribed spa- 
tial relationship with said surface and said plur- 
ality of pin fins, wherein said apertures are 
formed along said lower edges of said at least 
first and second members. 

3. Apparatus as defined in claim 2 wherein said pre- 
determined spatial relationship is such that said 
first and second members are each positioned in 
predetermined relationship with predetermined 
ones of said plurality of pin fins so that there is a 
gap between the lower edge of each of said first 
and second members and said surface, each of 
the gaps forming apertures for fluid flow from 
said interior region to said exterior region. 

4. Apparatus as defined in daim 3 wherein said plur- 
ality of pin fins are arranged In predetermined 
rows and said first and second members are posi- 
tioned in a prescribed relationship with outer 
rows of said pin fins. 

5. Apparatus as defined in claim 4 wherein each of 
said pin fins has a top and a predetermined 
height and wherein each of said first and second 
members is substantially rectangular having a 
length and a width, said width of said first and 
second members being a function of said height 
of said pin fins. 

6. Apparatus as defined in daim 5 wherein said first 
member Is mounted on an outer row of said pin 
fins and said second member is mounted on an 
outer row of said pin fins opposite said first mem- 
ber. 

7. Apparatus as defined in claim 5 wherein said first 
and second members are positioned so that their 
upper edges are substantially level with the tops 
of said pin fins and said width of said first and 
second members is such that said gap has a 
height approximately one third (1/3) said height of 
said pin fins. 

8. Apparatus as defined in claim 5 wherein wherein 
said first and second members are positioned so 
that their upper edges are substantially level with 
the tops of said pin fins and said width of said first 
and second members Is such that said gap has a 
height not less than approximately one tenth 
(0.1) inch. 

9. Apparatus as defined in claim 5 wherein said sur- 
face has a predetermined length and wherein the 



length of each of said first and second members 
is such that said first and second members ex- 
tend beyond the length of said surface. 
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